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Abstract:
Slope failures cost millions of dollars per year to repair and can be deadly. Accurate modeling of
slope conditions, including soil parameters, water table locations, and depth to bedrock, are
essential to determining the overall stability of a slope. This project is a continuation of the work
completed in 2019 by a former University of Arkansas researcher, Vanessa LeBow. LeBow
RocScience used Slide2 modeling software to model two highway embankment slopes in
Northwest Arkansas that experienced slope movement to determine whether increased use of
geophysical data could increase the accuracy of slope stability models. A parametric study of
shear strengths for likely failure surface was utilized by LeBow, finding that the FOS and overall
slope stability changed greatly depending on the estimated strength of an interface of highly
weathered shale, clay, and intact bedrock. To understand the accuracy of the shear strength data
utilized in the parametric study, rock cores from one of the two sites, located near Ozark,
Arkansas, were tested in modified direct shear tests. The results presented herein provide
guidance for the shear strength of the weathered shale bedrock to help understand the accuracy
of the shear strength estimates utilized in LeBow’s study. Results from other models of the
Ozark site are presented to predict the overall slope stability conditions on site during the
installation of soil anchors during repairs on the site.

Introduction
Slope failures are costly and dangerous, destroying infrastructure and claiming human
lives in the United States and around the world (Schuster, 1996). Computational models and
analysis methods such as limit equilibrium and finite element methods have been developed to
examine the stability of a given slope and to determine the location and reason for a failure. An
estimate of soil strength is critical for these models, yet this information is often very limited due
to difficulties of in-situ testing and sampling. This is especially true for the interface zones where
soil transitions to weathered bedrock and then into intact bedrock.
The study serves as a continuation of a previous study by LeBow (2019) that considered
a highway embankment along Interstate 40 in Northwest Arkansas just North of Ozark,
Arkansas. The slope models developed used strength correlations based on standard penetration
test (SPT) blow counts; however, this data was limited or not available for the weathered
bedrock layer. Parametric studies considered different strengths for the weathered shale layer and
ultimately indicated that failure was most likely occurring along the interface of a clay layer and
a band of highly weathered shale. To determine if the strengths used in the parametric study were
reasonable, it is necessary to better understand the in-situ strength of the interface materials
through experimental testing. The results of modified direct shear tests on rock core specimens
sampled from the layer of weathered shale obtained from the Ozark site are presented herein.
The results of hypothetical adjustments to the previous slope stability models will also be
discussed in relation to previous factors of safety and slope failure surfaces.

Background
LeBow (2019) designed slope stability models for two Arkansas highways located in
Northwest Arkansas utilizing the RocScience Slide2 software. These two sites were a portion of
Highway 7 located near Sand Gap, Arkansas and a portion of Interstate-40 just North of Ozark,
Arkansas. Both sites experienced slope movement and displayed horizontal cracking along the
highways, indicating failure (Figure 1). The models of the two sites were created using the
initial boring logs from each project, and geophysical methods like electric resistivity
tomography (ERT), horizontal-to-vertical spectral ratio (HVSR), and multichannel analysis of
surface waves (MASW). The undrained strength estimates used for the soil layers in the models
were estimated using correlations with standard penetration test (SPT) blow counts. While
reasonable estimates were obtained for the soil layers, there was little to no information available
for the transition zone where the softer clay soils transitioned to weathered bedrock and then to
more intact bedrock. Lebow (2019) resorted to a parametric study where she used a number of
different strength values for the weathered rock interface layer to examine the sensitivity of the
overall factor of safety (FOS). Through varying the strength of the weathered shale strata, she
was able to graphically display the soil shear strength at which the slope would become unstable
(represented by a factor of safety below unity).

Figure 1: Photographs from the Ozark site showing longitudinal pavement cracking and soil
cracking (LeBow, 2019)

LeBow’s study focused on the role of increased soil data in changing slope stability
models and her research demonstrated the benefits of integrating geophysical data collection
methods like ERT, MASW, and HSVR into slope stability models. She also highlighted the need
for more accurate estimates of strength at the soil-rock interface, especially when weathered
bedrock is encountered. Most state Departments of Transportation agencies primarily rely on
traditional soil borings and in-situ testing such as SPT. Borings can be expensive, difficult to
perform on steep slopes, and do not convey information about the soil strata between borings.
Geophysical methods, while still difficult to perform on slopes, are non-invasive and can provide
further information about subsurface conditions on site. LeBow’s research suggested that by
expanding the methods of obtaining soil data and information, it is possible to produce a more
accurate slope stability model.
Further avenues of investigation remained after the conclusion of Lebow’s project. While
LeBow completed models for both the Sand Gap and Ozark Site, the Ozark site will be the focus
of this thesis. Because the previous project was a parametric study of the weathered bedrock

layers, the strengths of these layers were assumed in the slope models and little was known about
the true strength properties at the interface of the clay and weathered shale at the Ozark site.
These models showed that a range of strength values in the shale changed the failure surface
location and the overall FOS for the slope. This indicates a need for increased strength data along
this interface, which this study aims to provide.
During installation of two additional inclinometers at the Ozark site, the Arkansas
Department of Transportation retrieved a number of rock core samples extending through the
weathered layer into the more intact bedrock. These samples were provided for testing in this
study. Figure 2 is one cross-section examined by LeBow (2019), along with the soil layering and
associated properties and strengths in Table 1.
In addition to the strength, several aspects of the design and construction phases of the
repairs at the Ozark site were of interest to the research team. During the addition of the soil
anchors to repair the Ozark site, a portion of the slope just downslope from the pavement
shoulder was left unfilled, leaving the anchor heads exposed for a short time before placing a fill
material over this gap. The research team was curious of the influence this fill had on the overall
stability of this slope. Therefore, another model was developed to examine the stability of the
slope during the time in which the fill was removed and the soil anchors had not been placed yet.
This model would provide more information regarding the stability of the slope before, during,
and after repairs and may indicate whether the failure surface was affected by the lack of fill
during the repairs.

Figure 2: Cross-Section of highway embankment slope at the Ozark site with soil layering
(LeBow, 2019)
Table 1: Associated strengths and properties of soil layering at the Ozark site (LeBow, 2019)

The study presented herein further investigates how the models and their corresponding
failure surfaces change after the placement of “fixes” installed by ARDOT to repair the failing
slopes. It will also include data from tests performed on rock cores obtained from the Ozark site
to determine a more accurate soil strength measurement for the layer of weathered shale that was
a common failure surface in the models created by LeBow.

Methodology
There are several modeling techniques available for the evaluation of slope stability sites.
These methods include but are not limited to the Limit Equilibrium Method, the Numerical
Analysis Methods, and the Finite Element Method. The Limit Equilibrium Method (LE), which
was utilized in this study, is one of the earliest created. LE determines a FOS for a trial surface in
the slope cross section using calculated applied stresses and mobilized strength for the trial
surface (Pourkhosravani, 2011). Most LE models are designed to locate the most critical surface
for the soil slope, indicated by the smallest calculated FOS. This study used Bishop’s Simplified
Method, Janbu’s Simplified Method, and the Morgenstern-Price method. Bishop’s Simplified
Method relies on the Method of Slices model, where the soil mass above the failure surface are
divided into vertical slices and the equilibrium of each of these slices are considered (Albataineh,
2006). Bishop’s Simplified Method forces failure on a circular slip surface. Janbu’s Simplified
Method and the Morgenstern-Price method rely on the methods of slices as well, but allow for
slip surfaces that are non-circular.
Data on soil strata information was obtained through initial soil borings as the
geophysical data used by LeBow(2019), consisting of ERT, HVSR, and MASW data. Soil
strength was estimated through SPT correlations developed by Race and Coffman (2015). The

models were created in the RocScience Slide2 software. Slide2 is a two-dimensional (2D) LE
slope stability program. 2D methods allow for an easy user-interface while having a drawback of
requiring initial assumptions on the part of the modeler to achieve a statically determinate
definition of the slope failure (Albataineh, 2006).
The original models were created by LeBow (2019) and were modified for this study to
reflect the unique conditions of the site during the repairs. Two situations were modeled: the
stability of the slope with the fill removed and before the addition of the soil anchors, and the
stability of the slope with the fill removed and after the addition of the soil anchors, but before
the fill was placed over the heads of the soil anchors. These situations were modeled by
removing the fill strata at the Ozark site and then removing the soil anchor repairs in the Slide2
models used by LeBow.
To continue the parametric study begun by LeBow, the models utilized a range strength
values of the highly weathered shale strata as well as a medium strength shale stratum that
overlays the weak weathered shale. The strength values assumed in modeling for the two layers
were used in combinations as follows for the weak shale layer and the medium shale layer
respectively: 25 kPa (3.63 psi) and 75 kPa (10.88 psi), 50 kPa (7.25 psi) and 75 kPa (10.88 psi),
75 kPa (10.88 psi) and 100 kPa (14.50 psi), and 150 kPa (21.76 psi) and 300 kPa (43.51 psi). .
As shown in the boring logs presented in figures A1 and A2 in the Appendix, there was
little or no available SPT data for the interface transition layer through the weathered rock and
only percent recovered and rock quality designation (RQD) were provided. This is typical for
these materials, as the SPT often hits refusal and the rock core sampler is only able to bring up
fragments. This rock layer could have been broken up as well during the drilling operation at the
site. Even where intact rock cores are recovered, they are rarely tested in the laboratory. Because

the values in the previous study were assumed, it is likely that the weak soil interface between
the weathered shale and the clay might not be accurately portrayed. While shale strata have
shown to be a source of problems on highway slopes with especially low shear-strength shales
even being the direct cause of highway slope failures (Hopkins, 1988), more shear strength data
may be necessary to accurately model this interface and provide more confidence in the results.
Modified direct shear tests were performed on rock cores from two initial borings
(Figures A1 and A2). There was limited information for the weathered shale interface from the
boring logs. The interface in question had low % Total Core Recovery (%TCR) and very low
Rock Quality Designation (RQD). At this weathered shale layer, the boring also hit refusal,
which did not provide any SPT to use in estimating the shear strength of the strata. Methods from
ASTM 5607 (2016) were used but were modified to account for limited material, the fragility of
samples, and the known influence of shear gap in direct shear testing. Rather than using a
medium like plaster of Paris to encapsulate the rock sample inside the direct shear box for testing
as suggested in the ASTM 5607 (2016), acrylic rings were used to secure the sample in place for
testing. These rings were created by laser cutting a ½” diameter plate to the specified height of
the inside frame of the direct shear box. As each core sample had an approximate diameter of
1.75 inches, the sample fit snugly into the rings, preventing excessive movement during the test.
These rings acted as an encapsulating medium for the direct shear test but did not require the
cleaning and sanding of the direct shear box between every test. The use of the rings greatly
reduced the cleanup and preparation needed between testing samples.
There were several different deviations of the ASTM prescribed direct shear
configuration that were developed during this study to determine the approximate shear strength
of various samples when tested in different conditions. The first version of the direct shear test

utilized an O-ring to support the top acrylic ring in the direct shear box. This allowed for a gap
between the two acrylic rings, better allowing failure in the sample on the weakest bedding plane
as opposed to forcing it to occur on a very thin horizontal plane. An example of this deviation
after failure can be seen in Figure 5. Note the top half of the shear box is removed in the image to
better show the failure zone and top acrylic ring.

Figure 5: Direct shear of Sample 7 after failure using acrylic rings and o-ring setup.

Tests were performed with and without the application of a vertical load to simulate the
in-situ conditions. The vertical load was applied directly to the specimen in this configuration in
order to prevent the top acrylic ring from moving downward (i.e., maintaining the gap between
the two rings). A weight of 3.992 kg was used in the testing of the direct shear samples with
load. Given the mechanical advantage of the direct shear machine of a factor of 10 and the

average cross-sectional diameter of the rock specimens is 44.45 mm (1.75 in), this loading on the
sample is roughly 253 kPa. This was used to approximate the vertical stress applied to the direct
shear samples tested under the applied load conditions but was greater than the stress
experienced by the samples collected from the shale strata. Considering a sample depth of 60 ft
and unit weight above the bedrock of 120 lb/ft3, the effective stress experienced by the in-situ
material is around 163 kPa, which is lower than the loading on the samples during the modified
direct shear test. By modeling the in-situ stress condition the shale samples experience on the
site, it is possible to compare the shear strength of the sample with and without the vertical load.
It is assumed that the addition of a vertical load will increase the shear strength of the samples.
The maximum shear stress found from these tests can then be compared to the estimated strength
of the weathered shale layer and the corresponding FOS found in the previous research. Note that
only intact specimens of higher quality were tested in this study because of the difficulty of
testing fragments.
A second specimen setup was utilized where the top half of the shear box was supported
by two black slides. These slides supported the direct shear box to prevent interference with the
acrylic rings. However, the slides did not provide a gap between the shear rings, and for this
setup, failure was forced to occur on a very narrow horizontal plane through the sample. This
deviation to the ASTM was performed with a vertical load applied. A photograph of this test
setup is shown in Figure 6. The individual results of these tests will be compared to the results of
the samples tested using a larger gap between the shear rings to examine the influence of this gap
on the shear strength.

Figure 6: Setup demonstration of the use of slides to support the direct shear box

The last configuration (and deviation of the ASTM standard) was made using longer
slides to support both the direct shear upper-box and the acrylic rings. This gave a large gap
between the two shear rings, while also allowing for load to be applied across the specimen using
the loading cap. This configuration was tested with a vertical load applied. Note the slides used,
as in Figure 7, were temporary and were used to test different configurations. Production quality
slides or shear box retrofits could be made in the future for more permanent testing
configurations.

Figure 7: Demonstration of Direct Shear test Deviation using Longer Slides

Results
To investigate the influence of the fill and soil anchors on the overall stability of the slope
at the Ozark site, the original Slide2 software models were adjusted to reflect the site conditions
of interest. LeBow’s models were changed by removal of the fill soil along the slope downhill of
the road embankment. These models were analyzed for the four strength pairings for the weak
shale and the medium shale, as well as the three slope stability methods, Bishop’s Simplified
Method, Janbu’s Simplified Method, and the Morgenstern-Price method. Representative models
for the Ozark site without fill are shown below in Figures 8-11. Bishop’s Simplified method was
chosen to be representative of this condition.

Figure 8: LeBow’s results and failure surfaces of Bishop’s Simplified Method for 25kPa, 50 kPa,
75 kPa, and 150 kPa weathered shale (LeBow, 2019)

Figure 9: FOS and failure surface for Bishop’s Method for 25kPa, 50kPa, 75 kPa, and 150 kPa
weathered shale with fill removed

Figure 10: LeBow’s MSS for Bishop’s Simplified Method for at 25kPa shale layer with traffic
loading (LeBow, 2019)

Figure 11: MSS for Bishop’s Simplified Method for at 25kPa shale layer with traffic loading and
fill removed
The fill being removed caused local failure on the slope downhill of the road
embankment for almost all method types and soil strengths. This is in contrast to LeBow’s
original models that included fill, and reflected that the critical surface for this slope lay along
the interface of the weathered shale and clay layers. The removal of the fill causes a localized
failure on the initial slope and lowers the FOS for other failure surfaces on the slope compared to
the original model (Figures 10-11). This indicates that the absence of the fill material affects the
overall stability of the slope, even when ignoring the local impacts of its removal.

LeBow’s original models were also adjusted to reflect the slope surface when the soil
anchors were absent and the fill material was yet to be placed. It was assumed that without the
soil anchors and fill material in place that the slope would be less stable, which would be shown
in the FOS for the model’s failure surfaces. The FOS values for these conditions were then
compared to the FOS values calculated by LeBow for that surface, soil strength, and method
used (Figures 12-16).

Figure 12: LeBow’s results and failure surfaces of Janbu’s Simplified Method for 25kPa, 50 kPa,
75 kPa, and 150 kPa weathered shale (LeBow, 2019)

Figure 13: FOS and failure surface for Janbu’s Simplified Method for 25kPa weathered shale
with fill and soil anchors removed

Figure 14: FOS and failure surface for Janbu’s Simplified Method for 50kPa weathered shale
with fill and soil anchors removed

Figure 15: LeBow’s MSS for Janbu’s Simplified Method for at 25kPa shale layer with traffic
loading (LeBow, 2019)

Figure 16: MSS for Janbu’s Simplified Method for at 25kPa shale layer with traffic loading and
fill and soil anchors removed

Figure 17: MSS for Janbu’s Simplified Method for at 150kPa shale layer with traffic loading and
fill and soil anchors removed

It is possible to see how the strength of the weathered shale layer affects the failure
surface of the model. In Figure 13, where the weathered shale was assigned a strength of 25 kPa,
a failure surface was calculated through the weathered shale surface, while Figure 14, which
assigned the shale layer a strength of 50 kPa is experiencing local failure along the slope
downhill of the road embankment. Figures 16 and 17 show the difference in overall stability of
the slope based on strength assumptions for the shale layers, with Figure 17 modeled with a shale
strength of 150 kPa, showing lower FOSs along the cross section than Figure 16, modeled with a
25 kPa strength. This displays why knowledge of soil strength data is important to the modeling
process.
The removal of the soil anchors was shown to affect the overall stability of the slope
across all modeling types. Figure 15 and 16 display the changes in FOS for the embankment

slope using the Janbu Method and the lowest strength estimate. The FOS for failure surfaces
through the interface of the weathered shale and clay layers is greatly decreased when the soil
anchors are removed, showing how the addition of the soil anchors increases the modeled
stability of the slope. As this model represents the stability of the embankment slope during the
repairs at the Ozark site, this indicates that the slope was relatively unstable during the repairs on
site.
After understanding the impact of the strength of the weathered shale layer on the overall
slope stability, the results of the direct shear test on the rock cores produced from Ozark were
analyzed to determine an estimate of the shear strength of the shale. The sample numbers for
each test and their respective configurations were noted along with any additional sample
material that was needed to understand the results (Table 2). As the sample quality varied across
the length of the rock cores, notes were taken for samples that were either fissured or of
especially high-quality material.

Table 2: Sample testing configuration and load information

Configuration

Load Condition

Average Diameter
(in.)

Sample 1

1

No Load

1.7497

Sample 2

1

No Load

1.7503

Sample 3

1

No Load

1.7512

Sample 4

1

Load

1.7412

Additional Sample
Information

Sample 5

1

Load

1.7473

Sample 6

1

No Load

1.7448

High quality, intact

Sample 7

1

No Load

1.7483

Visible Fissure

Sample 8

2

Load

1.7447

High quality, intact

Sample 9

2

Load

1.7537

Sample 11

2

Load

1.7503

Sample 13

3

Load

1.7547

Sample 14

3

Load

1.7512

Sample 15

3

Load

1.7448

Visible Fissure

Vertical displacement and load data were collected for each sample during testing.
Horizontal displacement was only collected during select tests due to limitations of gauges, but
as the direct shear box was moving at a set velocity of 0.5 mm/min for each sample, it was
determined that a representative horizontal displacement rate could be utilized to calculate
horizontal displacement for each sample. The results of each test were compiled into graphs for
the samples tested with and without application of a vertical load (Figures 18-21).

Figure 18: Graph of shear stress vs. horizontal displacement for samples tested with no load
(Configuration 1)

Figure 19: Graph of vertical displacement vs. horizontal displacement for samples tested with no
load (Configuration 1)

From Figures 18 and 19, representing the samples tested without load, it is seen that
maximum shear stress varied across the samples, peaking for Sample 6 at 26.38 psi. As sample 6
was noted to be a high quality sample, this would make sense as to why Sample 6 had the highest
shear stress. As the no load conditions were only tested with Configuration 1, it is not possible to
make a correlation between the test configuration and the resulting maximum shear stress.

Figure 20: Graph of shear stress vs. horizontal displacement for samples tested with load
(Configurations 1-3)

Figure 21: Graph of vertical displacement vs. horizontal displacement for samples tested with
load (Configurations 1-3)

Figures 20 and 21 show that the samples reached much higher levels of shear stress in
load conditions than without. Sample 14 reached 358.88 psi or 2,474.39 kPa at its peak shear
stress, which is much stronger than the other samples tested, which matches the intact, highquality condition of the sample. The differences within the maximum shear stress experienced by
the samples within the load testing category reflect that the quality of the sample being tested
greatly impacts the strength of the sample. Sample 13, which was noted as having fissures within
the sample prior to testing, had the lowest shear stress of all of the load samples tested at 37.62
psi or 259.38 kPa. Sample 11 was allowed to reach a residual stress of the bedding planes sliding
against one another after failure. Note that the samples tested were all intact and did not
necessarily represent the more highly weathered zone, which was comprised of only small

fragments. Future testing should explore ways in which to consider the strengths of this zone or
should consider the shear stress of the fractured bedding planes moving across one another.
Different configurations of test were conducted for the samples with load. It was assumed
that the samples tested using Configuration 2 would experience the highest strength, as failure
was forced on a narrow plane rather than the natural weakest bedding plane. However, this
appears to be inconclusive. For example, although Sample 13 and Sample 15 tested with
Configuration 3 had lower maximum shear stress values than the other samples tested with load,
Sample 14 that was also tested using Configuration 3 was much higher than the other samples
tested of any configuration. This suggests that sample quality might be the more determining
factor of shear strength during these modified direct shear tests than testing configuration.
In order to understand the amount of natural friction of the direct shear box and slides in
each of the configurations, empty tests of each configuration type were performed. For
Configuration 1, the shear rings were removed from the configuration limiting the friction to
simply the friction of the upper box and the lower box sliding against each other. Because
Configuration 1 did not allow the shear rings to rest against each other due to the o-ring,
removing the rings replicated the conditions during the test. This configuration was conducted
without the use of the load.
For determining the impact of friction for Configuration 2, an empty test was performed,
with the two shear acrylic rings sliding against each other during the test and the shear box
moving along the slides. This empty configuration was tested with load, as each of the samples
that utilized this configuration were tested with load. For Configuration 3, the empty test was
performed by placing the long wooden slides to support the acrylic rings and direct shear box

upper-half. As all of the Configuration 3 samples were tested using load, the empty test was
performed with the same load as the original testing.
For each empty test, the highest load during the test was selected as the load due to
friction. This was then converted to pressure by dividing by the area of the average sample,
which had a diameter of roughly 1.75 in. The friction correction value was recorded for each
configuration type (Table 4). This value was subtracted from the experimental peak shear stress
of each sample to estimate the true maximum shear strength. These results are shown in Table 5.

Table 4: Configuration chart and Friction Correction values

Configuration

1

2

3

Description

O-ring, no sliders

Sliders only

Long wooden slides

Wide Gap

No gap

Wide Gap

9.6 psi

11.9 psi

11.5 psi

Friction Correction Value

Table 5: Max shear stress values for each sample

Sample

Load
Condition

Max. Shear
Stress (psi)

Max Shear
Stress (kPa)

Max Shear Stress
with Friction
Correction (psi)

Max Shear Stress
with Friction
Correction (kPa)

1

No Load

15.04

103.70

5.44

35.71

2

No Load

7.63

52.61

-

-

3

No Load

13.67

94.25

4.07

28.06

4

Load

103.55

713.95

93.95

647.76

5

Load

128.65

887.01

119.05

820.82

6

No Load

26.38

181.88

16.78

115.69

7

No Load

14.77

101.84

5.17

35.65

8

Load

152.60

1,052.14

140.7

970.09

9

Load

165.66

1,142.19

153.76

1,060.14

11

Load

90.33

622.80

78.43

540.76

13

Load

37.62

259.38

26.12

180.09

14

Load

358.88

2,474.39

357.38

2,395.10

15

Load

89.55

617.43

78.05

538.14

A more accurate maximum shear stress value for the samples after the friction correction
were determined for each testing type (Figure 15). The friction correction had some impact on
the maximum shear stress, especially in the no-load conditions. Sample 2 had an experimental
strength of 7.63 psi, which was lower than the friction correction value obtained using
Configuration 1. This resulted in a negative shear stress value, which was noted as a dash within
Table 5. This indicates that Sample 2 was a low strength sample that was likely fractured at a
shear stress lower than that of the highest friction between the upper box and the lower box
sliding against each other. The friction increased initially and then remained relatively constant
at higher horizontal displacement values, so this sample likely fractured prior to it reaching this
higher friction value.
Most of the samples utilized in this thesis were of higher quality than the suspected insitu highly weathered shale soils that are on site. The highly weathered shale samples were not
able to be collected and extracted from the rock core without significant damage to the sample
due to their fragility. Therefore, the majority of the samples were above the expected strength of
the shale layer along the interface in question and represent the upper bound of strength for these
zones. Despite this, these results will be evaluated as if they were representative of the strengths
of the weathered shale samples along the Ozark site.
The average peak shear stress of each sample varied due to sample properties and the
testing configuration utilized. However, every sample that was tested modeling the load
conditions on site was found to have a shear strength of above the maximum modeled shear
strength of the highly weathered shale layer of 150 kPa. This indicates that the shear strength of
this layer was underestimated during the parametric study conducted by LeBow (2019).

According to LeBow’s slope stability models, at a strength of 150 kPa, the slope is much more
stable than the models run at the lower strength estimations.

Conclusion
The more data and strength data that can be collected for the site, the more accurate the
model will be. The samples tested in this study represented more intact bedrock and additional
testing is needed to determine the strength of the weathered shale and clay interface along the
Ozark site and the most appropriate methods to test the highly weathered zone. A future study
should prioritize testing of more representative shale samples that would take into account the
fragility and weathered nature of the shale on site, as well as use a more representative load
condition during the direct shear test, closer to the 165 kPa effective stress estimated, for their
loading conditions during testing. A more thorough evaluation of the usefulness of modifications
to ASTM 5607 (2016) should also be completed. It is possible that modified direct shear tests,
like the ones modeled in this thesis, could be useful for soils that have defined bedding planes
and are known to be low strength. One recommendation for future testing could include testing
multiple fragments of the weathered material in the shear box or testing of the fractured bedding
planes moving along one another to obtain a shear stress representative of the weathered zone.
There are also further modeling applications for the Ozark site that will be of interest
after the next installation of further slope stabilization measures. These models can be continued
from the original models created by LeBow (2019).
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Appendix 1: Borings logs from initial Ozark site Investigation

Figure A1: Boring 3 log displaying failure interface in question

Figure A2: Boring 7 log displaying failure interface in question

